Introduction: Despite diagnostic and therapeutic advances, infective endocarditis (IE) remains a challenging and potentially lethal disease. The prognosis of IE remains poor; in the last 30 years, its incidence and mortality have only been marginally reduced. Early identification of high-risk patients can change the course of the disease and improve outcomes. Objectives and methods: To describe and investigate predictors of mortality during hospital stay and in the six months after discharge in a cohort of left-sided IE patients in two tertiary centers. All patients diagnosed with IE (ICD9 code 133) were registered in a uniform database. Results: One hundred and forty-seven consecutive case patients with left-sided IE were included in this study. Thirty-five patients (23.8%) died during hospital stay. The variables significantly associated with increased mortality in univariate analysis were Charlson index ≥5, use of immunosuppressants, sepsis (severe sepsis and/or septic shock), cardiogenic shock and inappropriate use of antibiotic therapy. Conversely, surgical therapy and hospital length of stay ≥30 days were significantly associated with lower mortality. In multivariate analysis the most important predictors of in-hospital mortality were sepsis (severe and/or shock), use of immunosuppressants and inappropriate use of antibiotic therapy. There was a significant relation between the use of immunosuppressants and the occurrence of sepsis. The presence of significant valve disease after IE significantly increased the risk of heart failure. Conclusions: Our results may help to identify IE patients at increased risk for in-hospital mortality and medium-term disability. These findings can help to identify candidates for earlier and more aggressive management.
Introduction
Despite diagnostic and therapeutic advances, infective endocarditis (IE) remains a challenging and potentially lethal disease 1 with a dismal prognosis. In the last 30 years the incidence and mortality of IE have only been marginally reduced. 2 Most series report in-hospital mortality between 9.6 and 26% 3 ---7 and long-term (more than six months) mortality between 20 and 37.1%. 7 ---9 Only a limited number of studies have focused on medium-term outcomes. 10 Heterogeneity in clinical presentation, the presence of structural heart disease, the different types of microorganism involved, the development of complications, and patient characteristics, all require a multidisciplinary team to be involved in the treatment of IE. 1, 11 Many studies suggest that early identification of high-risk patients can change the course of the disease and improve outcomes. 12 Prognosis is influenced by four types of factors: patient characteristics, associated complications, microbial etiology, and echocardiographic findings. 3, 13 Patients with heart failure (HF), perivalvular complications, and/or methicillin-resistant Staphylococcus aureus (MRSA) infections usually have higher mortality and often need surgery in the active disease phase. 13, 14 Several studies have identified different independent prognostic factors associated with higher mortality, such as higher number of comorbidities, advanced age, renal insufficiency, septic shock, insulin-dependent diabetes, heart failure with reduced ejection fraction, prosthetic valve IE, and cerebral embolism. 3, 5, 7, 15, 16 
Objectives
To determine the characteristics of our population with leftsided IE and to investigate factors associated with higher mortality during hospital stay and in the six months after discharge in a two-center cohort of left-sided IE patients. This analysis is intended to identify clinical procedures that could be improved to minimize mortality associated with left-sided IE.
Methods

Study population
All patients diagnosed with IE (ICD9 code 133) in two tertiary hospitals in Porto, Portugal, were registered in a uniform database based on information from medical records between January 2000 and June 2011. The study included cases from both community and referral hospitals.
Criteria and definitions
Left-sided IE was defined according to the modified Duke criteria 17 for definite or possible IE.
For each case, data were collected regarding age, gender, valvular involvement, comorbidities, echocardiographic findings, microbiologic agents, associated complications, treatment (including surgery), and outcome (in-hospital and in the six months after discharge). The European System for Cardiac Operative Risk Evaluation (EuroSCORE) surgical risk score 18 was determined in all patients. In patients Immunosuppression was considered to be present when patients had been taking immunosuppressants or ≥15 mg of prednisolone or equivalent for more than three months and/or had CD4 counts of <350 cells/mm 3 when infected with human immunodeficiency virus.
Appropriacy of antibiotic therapy was defined according to the latest guidelines. 12 The primary outcome was overall all-cause in-hospital mortality and death from cardiac cause within six months of discharge.
The study was approved by the local ethics committee.
Statistical analysis
Comparison between groups was performed with parametric or non-parametric tests, as appropriate. Continuous variables are expressed as mean ± standard deviation (SD) or median (inter-quartile range, IQR). Categorical variables are expressed in absolute numbers and proportions. The association between variables and the primary outcome was first tested by univariate analysis. A significant association was defined by a p value ≤0.05. Variables with significant association were tested by stepwise multivariate analysis. Predictors of outcome were identified by logistic regression analysis. The statistical analysis was performed using SPSS software version 19, Chicago, IL, USA.
Results
One hundred and forty-seven consecutive case patients with left-sided IE were included. The median age was 63 years (IQR 45-74). One hundred and five (71.4%) were male.
One hundred and twenty-nine (87.8%) cases were considered as definite and 18 (12.2%) as possible IE, according to the modified Duke criteria.
Most patients (128, 87.1%) had IE on native valves. Of the 19 (12.9%) patients with prosthetic valves, 3 (16%) were considered early and 16 (84%) late IE. The aortic valve was affected in 74 (50.3%) cases, the mitral valve in 60 (40.8%), and both valves in 13 (8.8%) patients.
Ninety-three patients (63.3%) underwent both transthoracic (TTE) and transesophageal (TEE) echocardiography, 48 (32.7%) had TTE alone, and six (4.1%) TEE alone. Overall, 81 (55.1%) had a valvulopathy and/or intervention possibly predisposing for IE: 31 (21.1%) had degenerative valvular disease; 20 (13.6%) had prosthetic valves; 12 (8.2%) had congenital heart disease; 12 (8.2%) had recently undergone an invasive gastrointestinal intervention; five (3.4%) had previous IE; and one (0.7%) had rheumatic valvular disease.
The median Charlson index was 5 (IQR 3-7). One hundred and sixteen (78.9%) patients had significant comorbidities. Of these, 37 (25.2%) had diabetes (of whom 15 [10.2%] were taking insulin and 22 [15%] were taking oral antidiabetic agents), 27 (18.4%) were taking immunosuppressive agents, 17 (11.6%) had renal failure undergoing dialysis, 15 (10.2%) had active cancer, 15 (10.2%) were intravenous drug abusers, 12 (8.2%) had liver cirrhosis, and 11 (7.5%) had chronic obstructive pulmonary disease (COPD).
Fever and/or general symptoms were present for about a month before admission (median 27.5 days, IQR 15-30).
Etiology was established by isolating the causative agent from blood culture in 121 (82.3%) patients. Ninetyeight (66.7%) of the infections were community-acquired, 21 (14.3%) were health-care associated, and 28 (19%) were nosocomial. Methicillin-sensitive Staphylococcus aureus (MSSA) was the most frequent microorganism isolated, followed by methicillin-resistant Staphylococcus aureus (MRSA), Streptococcus viridans group, beta-hemolytic streptococci groups A, B, C and G and Enterococcus spp. (Table 1 ). Antibiotic therapy was considered appropriate in 123 (83.7%) patients. In the 24 (16.3%) patients in whom antibiotic therapy was considered inappropriate, this was due to short duration of treatment in nine (6.1%) patients, inappropriate spectrum in nine (6.1%) patients, and inappropriate duration and spectrum in four (2.7%). Five (3.4%) patients had infection relapse and another five had reinfection.
Seventy-nine (53.7%) patients had a single vegetation smaller than 20 mm, 16 (10.9%) had a single vegetation larger than 20 mm, and 52 (35.4%) had multiple vegetations.
Complications were frequent: 54 (36.7%) had severe valvular regurgitation (28 [19%] Thirty-five patients (23.8%) died during hospital stay. The main causes of death were septic shock in 13 (37.1%) patients, cardiogenic shock in 8 (22.9%), and neurologic complications in a similar percentage.
The variables significantly associated with increased in-hospital mortality in univariate analysis were Charlson index ≥5, EuroSCORE >6, use of immunosuppressants, sepsis (severe and/or shock), cardiogenic shock and inappropriate use of antibiotic therapy. Conversely, patients who underwent surgery and those with hospital stay ≥30 days had significantly lower mortality ( Table 2 ). In multivariate analysis the most important predictors of mortality were sepsis (severe and/or shock) (odds ratio [OR] 10.6; 95% CI 3.5-31.7; p<0.001), use of immunosuppressants (OR 8.6; 95% CI 2.6-28.8; p<0.001), EuroSCORE >6 (OR 3.5; 95% CI 1.2-9.7; p=0.019), and inappropriate use of antibiotic therapy (OR 6.8; 95% CI 2.0-23.6; p=0.002). There was a significant relation between the use of immunosuppressants and sepsis (p=0.003).
Patients with EuroSCORE >6 had increased mortality, but this was not statistically significant (OR 3; 95% CI 0.6-14.3; p=0.15). In our study the EuroSCORE cut-off that maximized sensitivity and specificity for predicting mortality was 7 (area under the curve 0.75; 95% CI 0.65-0.86; p<0.001) ( Figure 1) .
The median length of hospital stay was 40 days (IQR 22.5-56).
During the six months after hospitalization, another 11 (9.8%) patients died, nine (81.8%) due to IE complications (heart failure due to valvular dysfunction), and two ( (Figure 2 ).
Discussion
In our study, we observed similar characteristics and outcomes for IE patients to those described previously. 2, 10, 12 We see in the infrequent use of inappropriate antibiotic therapy (duration and/or spectrum) an opportunity to improve outcome of IE patients. 20---22 Delay in diagnosis, complications, length of hospital stay, and mortality remain high in IE. 1 Although mortality lower than 20% has been reported, 23, 24 it usually ranges between 20% and 30%. 4 In our study, in-hospital mortality of 23.8% was observed, suggesting that our population reflects similar samples from registries. A Charlson index of more than 2 has been reported to be an independent risk factor for mortality in previous studies. 15, 25 We used the age-adjusted index, assuming age to be related to poor prognosis. 26 In our study, age ≥75 years had a trend towards higher mortality. Significantly higher mortality was found in patients taking immunosuppressants, similar to that reported in a French study. 7 The EuroSCORE tool is used for predicting in-hospital mortality for cardiac surgery. 27 A EuroSCORE >6 is considered high risk. 28 Our results are consistent with this classification; we also found it useful for predicting overall mortality (in all patients). Based on these findings we recommend calculating the EuroSCORE for any patient admitted for infective endocarditis.
Shorter (≤30 days) hospital stay was associated with increased mortality (most patients died in the first 30 days of hospital stay).
Sepsis with dysfunction of two or more organs was independently associated with increased mortality. Previous studies have found an association between septic shock and increased mortality. 5, 26 This variable, particularly severe sepsis, helps to identify high-risk patients who can benefit from early, protocol-based aggressive management.
Unlike other studies 3 we did not find heart failure at admission (NYHA class III or IV) to be associated with worse prognosis. This observation corroborates previous results pointing in the same direction. 26 However, mortality was higher when patients developed cardiogenic shock during hospitalization. One possible explanation for these findings is that development of cardiogenic shock during hospitalization is, in most cases, due to severe valve dysfunction needing emergent surgical repair. By contrast, heart failure at admission (due to fluid overload, arrhythmia, anemia, etc.) can be resolved with medical treatment.
The role of surgery in the treatment of infective endocarditis is expanding, and current guidelines advocate surgical management for complicated left-sided IE. 12 Early surgery is also strongly indicated for patients with IE and congestive heart failure. 14 Recently, another study found that early surgery in patients with IE and large vegetations significantly reduced death from any cause and specifically embolic events by effectively decreasing the risk of systemic embolism. 29 Surgery was also found to be a protective factor in our study. This interesting finding has been described in previous observational studies. 3, 15, 26 This is probably related to the high number of complicated cases with severe valvular dysfunction and cardiogenic shock. However, these results should be interpreted with caution since this was a retrospective observational study.
As expected, inappropriate use of antibiotic therapy was strongly associated with increased mortality, reinforcing the need for correct management of blood cultures, early initiation of antibiotic therapy, and adjustments according to pharmacokinetics, pharmacodynamics, microbiologic findings, and current recommendations regarding length of treatment and potential antimicrobial associations. 12 Diabetes, 30 prosthetic valve IE, 31 Staphylococcus aureus etiology, 32 neurologic complications, 24 large vegetations, 25 and perivalvular extension of infection 13, 24 have all been identified as risk factors for higher mortality. Such associations were not found in our study, possibly due to the small sample size in each setting.
In our study, six-month mortality was 9.8%, similar to medium-term outcomes described by other authors. 10, 33 Not surprisingly, the presence of valvulopathy after IE significantly increased the risk of heart failure at six months after discharge. No significant associations were found with mortality at six months, possibly due to the small number of deaths recorded.
Our study has certain limitations: (1) it was a retrospective observational study: information was limited to medical records, important data may have been incomplete, and some results may be biased (such as the protective effect of surgery, since high surgical risk patients may have been refused surgery); (2) changes in the clinical management of IE have occurred during the study period; (3) some cases were from referral centers, and so the percentage of complicated cases may be overestimated; (4) some patients were lost to follow-up or transferred to other hospitals.
Conclusions
The development of severe sepsis is a strong predictor of a dismal outcome and antibiotic treatment should be started promptly. Patients on immunosuppressants also have a worse prognosis. As expected, obtaining an early diagnosis and following the antibiotic guidelines have a positive impact on outcome. The need for surgery is mainly determined by heart failure, which should be carefully evaluated.
Our results may help to identify IE patients at increased risk for in-hospital mortality and medium-term disability. These findings can help to identify candidates for earlier and more aggressive management.
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